Executive Dysfunctions: The Role in Attention Deficit Hyperactivity and Post-traumatic Stress Neuropsychiatric Disorders by Lía Martínez et al.
fpsyg-07-01230 August 20, 2016 Time: 14:30 # 1
REVIEW
















This article was submitted to
Psychopathology,
a section of the journal
Frontiers in Psychology
Received: 26 April 2016
Accepted: 02 August 2016
Published: 23 August 2016
Citation:
Martínez L, Prada E, Satler C,
Tavares MCH and Tomaz C (2016)
Executive Dysfunctions: The Role





Executive Dysfunctions: The Role in
Attention Deficit Hyperactivity and
Post-traumatic Stress
Neuropsychiatric Disorders
Lía Martínez1, Edward Prada1,2, Corina Satler3, Maria C. H. Tavares1 and
Carlos Tomaz1,4*
1 Laboratory of Neurosciences and Behavior, Department of Physiological Sciences, University of Brasilia, Brasilia, Brazil,
2 Faculty of Psychology, Social Sciences Department, Universidad Pontificia Bolivariana Seccional Bucaramanga,
Bucaramanga, Colombia, 3 Faculty of Ceilandia, University of Brasilia, Brasilia, Brazil, 4 Neuroscience Research Program,
University CEUMA, São Luis, Brazil
Executive functions (EFs) is an umbrella term for various cognitive processes controlled
by a complex neural activity, which allow the production of different types of behaviors
seeking to achieve specific objectives, one of them being inhibitory control. There is
a wide consensus that clinical and behavioral alterations associated with EF, such as
inhibitory control, are present in various neuropsychiatric disorders. This paper reviews
the research literature on the relationship between executive dysfunction, frontal-
subcortical neural circuit changes, and the psychopathological processes associated
with attention deficit hyperactivity disorder (ADHD) and post-traumatic stress disorder
(PTSD). A revision on the role of frontal-subcortical neural circuits and their presumable
abnormal functioning and the high frequency of neuropsychiatric symptoms could
explain the difficulties with putting effector mechanisms into action, giving individuals the
necessary tools to act efficiently in their environment. Although, neuronal substrate data
about ADHD and PTSD has been reported in the literature, it is isolated. Therefore, this
review highlights the overlapping of neural substrates in the symptomatology of ADHD
and PTSD disorders concerning EFs, especially in the inhibitory component. Thus, the
changes related to impaired EF that accompany disorders like ADHD and PTSD could
be explained by disturbances that have a direct or indirect impact on the functioning of
these loops. Initially, the theoretical model of EF according to current neuropsychology
will be presented, focusing on the inhibitory component. In a second stage, this
component will be analyzed for each of the disorders of interest, considering the
clinical aspects, the etiology and the neurobiological basis. Additionally, commonalities
between the two neuropsychiatric conditions will be taken into consideration from the
perspectives of cognitive and emotional inhibition. Finally, the implications and future
prospects for research and interventions in the area will be outlined, with the intention
of contributing scientific reference information that encompasses the knowledge and
understanding of executive dysfunction and its relationship with these treated disorders.
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INTRODUCTION
General Aspects of Executive Functions
Executive functions (EFs), also known as executive control or
cognitive control, are a complex set of interrelated cognitive
processes controlled by its top–down nature (Diamond, 2013)
and mediated by dynamic behaviors in order to achieve
goal-oriented behaviors that are essential for an individual
to solve problems, resist interference, hold attention, learn,
make decisions, plan, and regulate their behavior (including in
new situations), among other skills necessary for everyday life
(Diamond, 2013; Chung et al., 2014).
In the historical background, it has been found that although
the term “EFs” was coined by Lezak, it was Luria – his direct
predecessor – who first described it, even without mentioning it
directly. He proposed a brain functioning model based on clinical
findings, which consists of three functional units: (1) motivation
arousal (reticular and limbic systems); (2) acquisition, processing,
and storage of information (post-rolandic cortical areas); and
(3) programming, monitoring, and verification of behavior
[dependent on the activity of the prefrontal cortex (PFC);
Ardila, 2008]. This complex brain system would be mediated by
neuroanatomical and functional hierarchical regions, and would
work together to regulate all behavior and mental processes
(Jurado and Rosselli, 2007).
Regarding the classification of EFs, inhibition can be
highlighted (inhibitory control, including self – behavioral
inhibition – and control of interference, selective attention
and cognitive inhibition), as well as working memory (WM),
cognitive flexibility (also known as mental flexibility; Miyake
et al., 2000), reasoning, problem solving, and planning (Collins
and Koechlin, 2012; Lunt et al., 2012).
Fuster (2008) was one of the most recognized in the EFs
study and was the one who proposed a general theory of the
PFC and ideas about the importance of this area in the temporal
structure of behavior. He suggested that EFs are cognitive skills
that enable the organization of a sequence of actions in pursuit
of a goal, and proposed the following cognitive skills as part of
EFs: attention (alert, set, spatial attention, sustained attention,
and control interference), memory, WM, planning, temporal
integration, decision making, and inhibitory control.
Recently, there has been a consensus that three basic nuclei
compose EFs: WM, cognitive flexibility, and inhibition of
prepotent impulses (Hofmann et al., 2012; Diamond, 2013).
WM refers to temporary maintenance and active control of
information, avoiding distraction (Kane et al., 2001). For its
part, cognitive flexibility is the ability to change and modify the
course of thoughts or actions to multiple tasks that require it
(Elliott, 2003), and inhibition is the ability to inhibit dominant
or automatic responses when is necessary (Miyake et al., 2000).
See Figure 1.
The focus of this study(revision) will be inhibitory control
in EFs, describing and expanding its general characteristics, and
the neuropsychiatric conditions of attention deficit hyperactivity
disorder (ADHD) and post-traumatic stress disorder (PTSD),
with special emphasis on cognitive and emotional perspectives.
This paper reviews the research literature on the relationship
between executive dysfunction, frontal-subcortical neural circuit
changes, and psychopathological processes associated with
ADHD and PTSD.
Neuroanatomy of Executive Functions
Executive Functions are closely linked to the activity of the frontal
lobes, which establish a significant correlation on a clinical-
anatomical level regarding clear evidence from case reports
of patients with difficulties that arise after brain injuries to
frontal areas, and which result in alterations called “executive
dysfunction” or “frontal lobe dysfunction” (Elliott, 2003). But
recently, with the advance of technology, various imaging
methods [such as magnetic resonance imaging (MRI), functional
magnetic resonance imaging (fMRI), and Positron emission
tomography (PET)] there is evidence that executive functioning
is associated with several distributed networks (Chung et al.,
2014), which include not only the frontal regions of the cortex
but the subcortical areas too (Collette et al., 2006; Bonelli
and Cummings, 2007; Jurado and Rosselli, 2007; Marvel and
Desmond, 2010).
The frontal lobe is anatomically shaped, in both human and
non-human primates, by the dorsolateral PFC, the medial and
cingulate PFC, and the orbital PFC (Fuster, 2002). These areas
are involved in complex cognitive processes; the dorsolateral
region in WM, the anterior and medial areas in desire and
motivation, and the orbital region in inhibitory impulse control
and interference (Fuster, 2002). See Figure 2.
Some authors have emphasized the “circuits,” specifically
the frontal-subcortical circuits, claiming that the dorsolateral
prefrontal circuit is involved in the organization of information
to facilitate a response; the anterior cingulate circuit is related to
the conduct of motivation; and orbitofrontal circuit translates the
limbic and emotional information into behavioral responses. For
these authors, the deterioration of EFs resulting in apathy and
impulsivity, for example, is a sign of dysfunction of the frontal-
subcortical circuit (Bonelli and Cummings, 2007). Additionally, it
is important to mention that the EFs, although closely linked with
the PFC, do not rely only on this structure, but also on the intact
functioning of the cortical-striatal dopaminergic system (Elliott,
2003). It is the neurobiological basis of EFs, occupying a favored
place for “orchestrating all of these functions,” as it has the ability
to receive and send information to almost all sensory and motor
brain systems (Arnsten and Li, 2005).
Bonelli and Cummings (2007) reported that neuropsychiatric
expressions associated with neurodegenerative diseases are
closely linked to impairments in neurocircuits generated from
frontal connections with other brain areas, especially subcortical
areas, since the effector mechanisms allowing the organism
to act efficiently within its environment are disturbed. This
supports the link that has been found between faiths and different
psychopathological and behavioral disorders (Närhi et al., 2010;
Biederman et al., 2011).
According to Jurado and Rosselli (2007) there are numerous
neurodevelopmental and adult disorders for which alterations
to the EFs have been identified, linked to the symptoms also
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FIGURE 1 | Main components and characteristics of the EFs. Source: made by myself.
FIGURE 2 | Schematic representation of brain areas associated with the PFC and participation in shaping some components of EFs. Source: made by
myself.
found in people with damaged frontal lobes, such as sustained
and selective attention, impulsivity, hyperactivity, and deficits
in warning systems, WM, the three mechanisms of inhibitory
control (waiting, impulse, or interference control) and self-
regulation of behavior, as well as perseveration, cognitive rigidity
and planning difficulties, among others.
Inhibitory Control
Inhibitory control is considered an important EF due to its
ability to control attention, behavior, thoughts and/or emotions,
in order to override a strong internal or external predisposition
to distraction, and to do so whenever appropriate or necessary
according to the demands of the environment. The term
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“inhibition” refers to several different types of inhibition, such as
response or motor inhibition, cognitive inhibition, interference
control, motivational inhibition, and the automatic inhibition of
attention (Diamond, 2013).
Inhibitory control refers to the mental processes responsible
for intentional and voluntary control, involving the ability to
resist interferences from irrelevant information and to erase
previously relevant information that may create incentives in the
short term, but that are not functional to solving a particular
problem (Carlson and Wang, 2007). Motor inhibition is defined
as the individual’s ability to inhibit a behavioral response to a
stimulus, i.e., the ability to inhibit a strong behavioral tendency
(Diamond, 2006). On the other hand, cognitive inhibition refers
to the suppression of irrelevant information in WM (Miyake
et al., 2000). It has been found that failures in cognitive inhibition
are associated with internalizing problems; on the contrary,
the failures are related to behavioral inhibition outsourcing the
problems and are based on the individual’s ability to inhibit
the behavioral response to a stimulus, specifically in tasks that
require setting a plan and eliminating wrong answers (Diamond,
2013).
The existence of multiple inhibition types suggests the
probability of an overlap between the different brain regions that
underlie these inhibitory processes (Collette et al., 2001).
It is argued that the neural substrate of inhibitory control lies
mainly in dorsolateral, orbitofrontal and ventromedial areas of
the PFC (Fuster, 2002; Ditye et al., 2012), associated with the right
prefrontal gyrus (Ditye et al., 2012). Thus, interactions between
the right PFC, the basal ganglia, the primary motor regions and
the medial temporal lobe are important for the expression of
inhibitory control (Aron et al., 2004).
Neuroimaging studies that address inhibition processes have
shown the involvement of several regions in the cingulate,
prefrontal, parietal, and temporal areas (Collette et al., 2001).
However, the exact role of the regions associated with inhibition
processes is not completely defined, because the regions
mentioned are quite heterogeneous (Collette et al., 2006). Some
neuropsychiatric disorders are closely linked to defects in frontal-
subcortical neurocircuits. These circuits participate in a variety
of neuropsychiatric disorders such as Tourette’s syndrome,
Huntington’s disease, obsessive-compulsive disorder, ADHD,
schizophrenia and mood disorders, which occur as a result of
changes in the orbitofrontal circuit and therefore in inhibitory





Attention deficit hyperactivity disorder is one of the most
common problems that develop during neurodevelopmental
childhood, considered a disturbance and prevalent in
approximately 5% of children and 2.5% of adults (American
Psychiatric Association [APA], 2013).
According to several studies, it is estimated that up to 67%
of these children will ontinue to exhibit symptoms in adulthood
(Lundervold et al., 2011; Ranby et al., 2012). However, the
prevalence data reported in the literature varies due to the range
of diagnostic criteria and assessment methods used in the studies.
With regard to symptoms, Sobanski et al. (2010) have postulated
that hyperactivity behavior tends to decrease with age, while
inattention increases.
Adolescents and adults with ADHD have a higher risk
of failure in school, emotional problems, difficulties in social
relationships and sometimes trouble with the law.
The American Psychiatric Association [APA] (2013) argues
that many parents first observe excessive motor activity when
the child is in early childhood, with symptoms that are difficult
to distinguish from normal behavior, which can be variables
before 4 years of age. Furthermore, ADHD is often identified at
school when inattention becomes more pronounced and affects
performance, stabilizing during early adolescence, but possibly
worsening with the onset of antisocial behavior. Even so, for most
individuals with ADHD the symptoms of motor hyperactivity
become less noticeable during adolescence or adulthood, but
difficulties associated with restlessness, inattention, planning and
impulsivity may persist.
According to the American Psychiatric Association [APA]
(2013) in its Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), ADHD is defined as a persistent pattern of
behavior that manifests itself in various contexts (school/work,
home, social, etc.) that interferes significantly with the
development and functioning of the individual with the
disorder. Thus, the APA states that the symptoms fall into two
major predominant areas: inattention, and hyperactivity and
impulsivity. Inattention manifests behaviorally with deviations
at work, lack of persistence, difficulty maintaining attention,
and disorganization, which are not due to a challenge or a lack
of understanding; hyperactivity is reflected in excessive motor
activity when it is not adequate; and impulsivity is evidenced by
hasty actions that are taken without reflection, resulting from a
desire for immediate reward or an inability to delay gratification.
These characteristics are reflected in the established diagnostic
criteria. See Table 1.
Regarding the diagnosis of ADHD, Arnett et al. (2013)
believe that it must be mainly clinical, as there is no additional
examination or neurobiological sign itself that is final; so it must
be established based on clinical symptoms. Confirmation via
questionnaires, neuropsychological tests and neuropsychological
studies is needed for these patients, especially if they are validated
by specific neuropsychological batteries that allow reassessments
to control the patient’s development regarding the indicated
treatment.
It has been found that according to clinical research
and the discussion in the DSM-5 (American Psychiatric
Association [APA], 2013), comorbid disorders are common
in individuals with ADHD. For example, oppositional defiant
disorder coincides with ADHD in about half of children with
combined prevalence and in about a quarter of predominantly
inattentive children and adolescents; conduct disorder occurs
in about a quarter of children and adolescents with combined
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TABLE 1 | Summary of criteria and specific symptoms for the diagnosis of ADHD (American Psychiatric Association [APA], 2013).
Inattention Hyperactivity/impulsivity
(1) Failure to pay attention to details or careless mistakes
are made in schoolwork, work, or during other activities.
(1) Fidgets, claps hands or feet, or squirms in seat.
(2) Difficulty sustaining attention in tasks or recreational
activities.
(2) Standing up in situations where they are expected to remain seated.
(3) Does not seem to listen when spoken to directly. (3) Runs around or climbs in situations where it is not appropriate (may be
limited to fidgeting in adolescents or adults).
(4) Does not follow instructions and fails to finish
schoolwork, chores, or work duties.
(4) Is unable to play or engage in leisure activities quietly.
(5) Difficulty organizing tasks and activities (5) Is “busy,” acting as if impelled by a “motor.”
(6) Avoids, dislikes, or lacks interest in starting tasks that
require sustained mental effort.
(6) Talks excessively.
(7) Loses things necessary for tasks or activities. (7) Responds unexpectedly or before a question has been concluded.
(8) Is easily distracted by external stimuli. (8) Has difficulty taking turns.
(9) Forgets everyday activities. (9) Disrupts or interferes with others (adolescents and adults may interfere or
get ahead of what others are doing).
Combined
Criteria for inattention (6+ symptoms) and hyperactivity-impulsivity (6+ symptoms) are met.
The set of ADHD symptoms usually manifests before 12 years of age, presenting six or more of them (in older adolescents and adults aged 17 years of age, at least
five symptoms are required) to diagnose any subtype of ADHD, maintained for a period exceeding 6 months, with an intensity that is incompatible with the level of
development and has a direct negative impact on the social and academic/work activities of the individual.
presentation, depending on age and context; a lower percentage
of children with ADHD have symptoms that meet criteria
for disruptive mood dysregulation disorder; a specific learning
disorder commonly occurs along with ADHD; anxiety disorders
and major depressive disorders occur in a minority of individuals
with ADHD, but more often than in the general population;
intermittent explosive disorder occurs in a minority of adults with
ADHD, but with levels above the general population; substance
abuse disorders are present only in a minority of adults with
ADHD, yet they are relatively more frequent among adults with
ADHD than in the general population; and antisocial personality
disorder and other personality disorders may be associated with
ADHD in adults. Other disorders that may be comorbid with
ADHD are obsessive-compulsive disorder, tic disorder and the
autistic spectrum.
Cognitive Impairment in Attention Deficit
Disorder/Hyperactivity
Attention deficit hyperactivity disorder has important cognitive
consequences, especially in relation to EFs. Additionally, it
is known that the disorder is not characterized by cognitive
difficulties alone, but is also marked by an altered emotional
level (recognition, regulation, and expression of emotions;
Sobanski et al., 2010), a product of dysfunction in executive
control processes; according to the DSM-5 (American
Psychiatric Association [APA], 2013), this can generate a
long-term impact on the operation and development of the
individual.
The implications of ADHD, as well as being analyzed through
measurements with neuropsychological and cognitive tests, is
also studied using various neurological, neurophysiological and
neuroimaging tests, with the electroencephalogram (EEG) having
demonstrated its effectiveness. Recently, research related to the
measurement of brain activity in individuals with ADHD showed
a difference in activity patterns between children with and
without ADHD, by evaluating electrophysiological variables such
as reaction time (RT) in cognitive tasks (McLoughlin et al., 2014),
in inhibitory control tasks (Bruckmann et al., 2012) and exposure
to emotional stimuli (Singhal et al., 2012).
In general, the literature shows the existence of cognitive
deficits in individuals with ADHD, such as deficits in attention,
EFs, memory, and perception (Arnett et al., 2013). Thus, the
deficit of individuals with ADHD, originated in dysfunction of
the frontal lobes, specifically in the PFC, leading primarily to a
delay or reduction of EFs, a basic prerequisite for the successful
development of a variety of cognitive processes for achieving
goals (Funahashi and Andreau, 2013).
A result of the alterations in the PFC, individuals with
ADHD often have a syndrome associated with executive
control disorders, mainly manifesting inhibitory difficulties
in WM and planning (Willcutt et al., 2005), as well
as productivity and creativity, and inability to abstract
ideas and to anticipate the consequences of behavior,
leading to increased impulsivity (Arnett et al., 2013);
on the other hand, they also have significant difficulties
modulating affective states and recognizing and understanding
emotional information, which results in elevated levels of
aggressiveness, irritability, or frustration (Martel and Nigg,
2006).
Neurobiology of Attention Deficit
Disorder/Hyperactivity
Scientific studies demonstrate the involvement in ADHD of
several neuroanatomical structures within the frontal cortex,
especially the prefrontal area, the basal ganglia, and the posterior
parietal cortex (Arnsten and Li, 2005).
Along with the PFC, the caudate nucleus and its associated
circuitry play an important role in the pathogenesis of ADHD.
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With MRI studies, structural abnormalities have been found in
individuals with ADHD, related to reduced volumes of the left
caudate nucleus and right anterior frontal cortex, indicating a
reversal of the normal asymmetrical pattern. A bilateral reduction
in the size of the putamen has also been found, as well as a
reduction in the volume of the right globus pallidus (Cortese
et al., 2012).
It is also known that through the use of neuroimaging
techniques, structures such as the cerebellum show significantly
lower measurements in children with ADHD (on average)
throughout childhood and adolescence, compared with the same
structures in children without the disorder; In addition, the
right PFC is slightly larger in the general population, and its
counterpart in the left hemisphere is more symmetrical in people
with the disorder, affecting mental abilities such as inhibition of
responses, planning behavior, selective focus and organization of
information necessary for solving problems and using specific
cognitive operations (memory, metacognition, learning, and
reasoning; Doyle, 2006; Cortese et al., 2012). See Figure 3.
Studies using functional neuroimaging techniques with high
spatial [single-photon emission computed tomography (SPECT),
PET, and fMRI] temporal [event-related brain potentials
(ERPs)] and spatiotemporal [magnetoencephalography (MEG)]
resolutions show functional differences in the PFC and striatum
in patients with ADHD compared to controls, indicating the
existence of dysfunction in the frontostriatal network, which
could explain the changes observed in processes such as response
inhibition. Furthermore, they showed a decrease in gray matter
in the frontal right turn and the rotation of the right posterior
cingulate, and in the middle left white matter (Cortese et al.,
2012).
Electroencephalogram studies show the existence of a
relationship between clinical symptoms of ADHD and
characteristics of brain activity, reporting the presence of
increased theta activity in the EEG (Boutros et al., 2005).
Volkow et al. (2011) has also investigated the biochemical
implications of ADHD, determining that the neurobiological
FIGURE 3 | Main altered brain structures in ADHD and their effects on
cognitive components associated with EFs. Source: made by myself.
basis of the disorder presents a dysfunction of dopaminergic,
serotonergic and noradrenergic circuits, causing an alteration in
some cognitive mechanisms. Castellanos (1997) proposed the
unitary theory of dopamine transmission in ADHD, based on
abnormalities in two dopaminergic regions: (a) hypoactivation
cortical regions (anterior cingulate), which produces a cognitive
deficit and (b) overactivity in subcortical regions (caudate
nucleus), causing excessive motor levels.
Arnsten et al. (1996) suggested that there may be different
abnormalities in two noradrenergic regions: an underactive
cortical (dorsolateral prefrontal), which referred to primary care
deficits (WM) and overactivity in the subcortical systems (locus
coeruleus), resulting in over-alertness.
The genetic mechanisms of ADHD are polygenic and this
study focused on those related to dopamine, a gene involved
in ADHD that could be the D2 receptor gene located on
chromosome 11 (11q22-23; Comings, 2001). Other associated
genes include the transporter gene norepinephrine (NET1) and
the dopamine receptor gene D1 (DRD1; Bobb et al., 2005).
In general, the various neurobiological implications of ADHD
can explain and help to understand the effects that are mainly
exhibited in cognitive processes, such as the EFs.
Inhibitory Control in Attention Deficit
Disorder/Hyperactivity
One of the EFs most commonly affected in ADHD is inhibitory
control (Doyle, 2006; Lange et al., 2010) and/or inability to inhibit
responses associated with distracting stimuli (Arnsten and Li,
2005; Doyle, 2006).
Barkley (2006) argues that problems sustaining attention,
such as ADHD, are the result of hypoactivity of the behavioral
inhibition system, especially for poor interference control. He
proposes a model (Barkley, 1997) in which he explains that the
deficit in behavioral inhibition involves a delay or impairment
in the development of four neuropsychological functions: the
memory of non-verbal work, verbal WM, the self-regulation
of emotion/motivation/activation, and reconstitution. The most
important component of this model is the inhibition of behavior,
which provides the basis for the neuropsychological skills
mentioned; the other component of the model is the motor,
which relates directly to the previous component and is mediated
by the four EFs that control behavior.
Accordingly, Nigg (2001) shows clear evidence of the existence
of a deficit in ADHD of different forms of executive inhibitory
responses, but raises some doubts and questions about whether
ADHD would be caused by a primary or secondary inhibitory
disorder. To Nigg, although studies are consistent in the presence
of an impulsive ADHD and disturbed behavior, the concept of
inhibition should be refined, distinguishing between dependent
inhibition of executive control and dependent inhibition of
motivational Control; in turn, it suggests that the association
between domains and deficits in ADHD is more related to
inhibition on the strength of a major boost.
Attention deficit hyperactivity disorder is indeed associated
with poor cognitive control, particularly inhibitory control
(Willcutt et al., 2005; Chamberlain et al., 2011), this could explain
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why people with ADHD have slower RTs, suggesting the use of
more time to inhibit prepotent responses in this population (Shen
et al., 2011).
The inhibitory deficit in ADHD is associated with both
structural and functional abnormalities in the frontostriatal
and frontoparietal circuits, often revealing hypoactivation in
prefrontal type tasks for go/no go, compared to the typical
population (De La Fuente et al., 2013; Hart et al., 2013). Hervey
et al. (2006) and Tamm et al. (2012) suggest that ADHD
symptoms include poor performance on neuropsychological
measures of inhibition, as well as associated measures (lack of
foresight, lack of insight, difficulty delaying gratification, poor
organization, poor sense of time, excessive responses).
Various studies of children with ADHD have identified
alterations in sustained attention and inhibitory control,
which leads to poor self-regulation and behavioral difficulties
(Puentes-Rozo et al., 2008). These findings support the theory
of the involvement of multioperational location systems in
ADHD, including prefrontal and posterior cortical, reticular
thalamic, striatal, limbic and mediated connections by specific
neurotransmitter systems (Barkley, 2006).
Based on the above, the lack of inhibitory control in
ADHD should not only be related to behavioral and cognitive
impairments, but also to emotional disturbances, and although
the deficit in emotional regulation is not currently one of the
symptoms of ADHD diagnoses, various theoretical proposals
suggest that it is a fundamental aspect of the disorder (Barkley,
2006).
Individuals with ADHD often have symptoms such as
irritability, moodiness, low tolerance to frustration, and sudden
and unpredictable changes associated with negative emotions
such as anger and sadness (Sobanski et al., 2010), which
could be explained by a deficit in emotional regulation, due
to alterations in inhibitory control, as demonstrated by several
studies which documented that individuals with ADHD not only
suffer from attention difficulties, disorganization, hyperactivity
and impulsivity, but also various emotional problems, such as
emotional liability, excessive emotional reactivity, and irritability
(Sobanski et al., 2010; Schoemaker et al., 2012; Arnett et al., 2013).
To Barkley (2006), emotional self-regulation is defined as a
set of business processes that enable modular emotions and,
upon receipt of a dysfunction, can lead to increased emotional
responses to certain situations, as well as less empathy and less
ability to regulate emotional states, hence the difficulties that
individuals with ADHD have expressing emotions, a result of a
primary dysfunction in the inhibitory control processes.
POST-TRAUMATIC STRESS DISORDER
Conceptualization, Prevalence,
Comorbidity, and Clinical Criteria
According to the APA and the guidance provided in the
DSM-5 (American Psychiatric Association [APA], 2013), PTSD is
characterized as a psychiatric disorder, described as a categorical
entity clinical order. It is currently classified as one of the
disorders related to trauma and stress factors, and can occur
in people who have experienced or witnessed a traumatic
event such as a natural disaster, a serious accident, an act of
terrorism, war or combat, violent personal assault or rape. PTSD
is part of a real disorder that leads to short and long term
involvement after having experienced or witnessed an event
of great emotional impact (Bryant et al., 2011; Sard, 2011).
Psychological distress following exposure to a traumatic or
stressful events is variable. It has been shown that some people
who have been exposed to a stressful or traumatic event do not
exhibit clinical features related to PTSD or pathogenesis. This
reveals a major contribution by modern science in relation to the
existing biological predisposition in some individuals associated
with a low susceptibility to this disorder, and therefore provides
arguments that PTSD represents a specific phenotype associated
with a failure to recover from the normal effects of trauma
(Yehuda and LeDoux, 2007).
Regarding the prevalence of PTSD, the data tends to vary
according to the diagnostic criteria used to define the disorder,
the evaluation procedures implemented, the characteristics of
the sample and the context in which the event occurred. All
these factors must be considered when studying the phenomenon
(Doctor et al., 2011). In the USA, the lifetime risk for PTSD,
using the DSM-IV (American Psychiatric Association [APA],
1994) criteria, at the age of 75 years was 8.7% (American
Psychiatric Association [APA], 2013). The annual prevalence
among USA adults is about 3.5% (Kessler and Wang, 2008). The
estimates reported in Europe and most of Asia, Africa and Latin
America are lower, at a volume of 0.5–1.0% (Kessler et al., 2005).
Although, different groups show different levels of exposure
to traumatic events, the conditional probability for PTSD may
also vary between different cultural groups when they develop
a similar level of exposure. The PTSD rates are higher among
veterans and other people whose profession presents a high
risk of traumatic exposure (e.g., police, firefighters, emergency
medical personnel). The highest rates (ranging from a third to
more than half of those exposed) are among the survivors of
rape, military combat, captivity and confinement and political
or ethnic genocide (Chapman and Diaz-Arrastia, 2014). Classic
reference studies have shown that traumatic events with a greater
probability of causing a disorder for both men and women
are: rape, war, aggression or witness of a murder, and suffering
physical abuse in the early stages of life (Kessler et al., 2005; Ogle
et al., 2013).
Individuals with PTSD are 80% more likely to have symptoms
that meet diagnostic criteria for at least one other mental
disorder (e.g., depression, bipolar disorder, anxiety or substance
abuse disorders; de Jong et al., 2001; American Psychiatric
Association [APA], 2013). Studies with military personnel and
veterans reveal a joint incidence of PTSD and mild traumatic
brain injury for almost 48% of cases (Chapman and Diaz-
Arrastia, 2014). Similarly, there is considerable comorbidity
between PTSD and a major neurocognitive disorder (Doctor
et al., 2011; Maksimovskiy et al., 2014; Pagotto et al., 2015),
including a high association between PTSD and a significant
decline in physical and mental health (Blakeley and Jansen,
2013; Pacella et al., 2013). The essential feature for the start
of a PTSD diagnosis is the appearance of symptoms after
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exposure to one or more traumatic events, either directly or
indirectly experienced, such as witnessing something experienced
by others. According to the DSM-5 (American Psychiatric
Association [APA], 2013) criteria are applicable for adults,
adolescents and children over 6 years of age, such as the
presence of symptoms persisting for more than a month after
experiencing the stressor event. The alteration leads to clinically
significant distress or impairment in social, occupational or
other important areas of functioning of the individual. The
alteration cannot be attributed to the physiological effects of
a substance (e.g., drugs, alcohol) or another medical condition
(American Psychiatric Association [APA], 2013; Friedman,
2013).
Symptoms that form as a result of the traumatic experience
are organized into categories: Re-experiences or intrusions,
Avoidance, Persistent negative alterations in ognition and mood,
and Increased excitability (Bryant et al., 2011; American
Psychiatric Association [APA], 2013). Currently, there are criteria
for children under 6 years in relation to the diagnosis of
PTSD, as well as indications of clinical order as to the late
expression of the disorder (Friedman et al., 2011; American
Psychiatric Association [APA], 2013). Psychiatric indications are
clear as to their non-linearity in the symptomatic expression
in PTSD, as their presentation is varied, occurring specifically
in many cases and in others displaying a combination of
symptoms (Friedman, 2013). According to the literature, during
the development and course of PTSD the symptoms usually
begin within the first 3 months after the trauma, although
there may be a delay of months, or even years, before the
diagnostic criteria are met, which has been called “delayed
expression” disorder (Greenberg et al., 2015). It must also specify
if the individual experiences persistent dissociative symptoms
(Friedman et al., 2011; American Psychiatric Association [APA],
2013). See Table 2.
Biological Bases in Post-traumatic
Stress Disorder
Irregularities in the biological system involved in the response
to stressful events largely lead to damages in the body,
setting a pathological mechanism, compared to normal behavior
(Yehuda and LeDoux, 2007; Skelton et al., 2012). Dysfunctions
in the spinal sympathetic-adrenal-axis and the hypothalamic-
pituitary-adrenal-cortical axis, neuroendocrine dysregulation in
glutamatergic, noradrenergic, and serotonin systems result in
an imbalance and consequently an increased vulnerability to
developing PTSD (Pitman et al., 2012).
Studies using models of psychological stress to evaluate
the function of the HPA axis revealed an exaggerated cortisol
response and hypersecretion of CRH in the PTSD-state, as a
result of physiological failures of the system (Dedovic et al., 2009;
Sherin and Nemeroff, 2011; Pitman et al., 2012). Paradoxically,
there is evidence showing low plasma cortisol levels and an
increase in the negative feedback of the HPA axis under
basal conditions (Pitman et al., 2012). The presence of low
concentrations of cortisol in people who survive traumatic events
is a fact that seems contrary to the idea that stress may be
associated with elevated levels of cortisol. One explanation that
can be made is that in the course of adaptation to trauma, low
cortisol concentrations are detected first, reflecting a chronic
adaptation of the HPA axis to stress.
Increased and persistent activation of CRH has also been
associated with increased activity of the autonomic nervous
system in PTSD victims, particularly in a group of women
with a history of sexual abuse in childhood with symptoms
of depression and anxiety (Heim et al., 2000). The increase
in the negative feedback generated by the cortisol could offer
an explanation to why the concentration of cortisol is low in
the presence of elevated levels of CRH. Yehuda and LeDoux
(2007) propose that chronic release of CRH produces an
abnormal response by the pituitary gland. Since the number and
sensitivity of lymphocytic glucocorticoid receptors is increased,
the negative feedback is also increased, causing an attenuation
of the cortisol. This increased negative feedback contrasts with
the drop that occurs in depression, in which the chronic
release of CRH causes decreased negative feedback leading
to hypercortisolism and down-regulation of glucocorticoid
receptors (Sherin and Nemeroff, 2011; Pitman et al., 2012). See
Figure 4.
The hypothesis, which postulates that it exists because of
chronic stress on the system, is based on the principle known
as down-regulation of the GABAergic system, which leads to
an excessive and constant activation of glutamate, which can
induce long-term synaptic changes and therefore can damage
the cognitive and emotional order. Equally important is the
inhibition of GABAergic anomalies associated with cellular
toxicity, which leads to high concentrations of harmful cell
agents, and therefore a decrease in neuroplasticity, and in
extreme cases, their death (Hasler et al., 2010; Sherin and
Nemeroff, 2011; Pitman et al., 2012). Biochemical studies also
reported a central noradrenergic dysfunction, associated with
psychiatric symptoms of PTSD, indicating, in some cases, a
noradrenergic hypersensitivity and a possible down-regulation
of neural receptors that affect metabolic activity (Sherin and
Nemeroff, 2011; Pitman et al., 2012; Yamamoto et al., 2013).
The regulation of serotonin (5-HT) and consequently the
release of corticosteroids under stressful events are positively
associated with increased secretion of CRH and PTSD (Sherin
and Nemeroff, 2011).
Neural Circuitry Alterations after
Traumatic Events
Changes of the biological order, in most cases, lead to structural
and functional flaws in several neural circuits after traumatic
events (Bremner et al., 2008). The repercussions are evident in
the set of clinical symptoms of the disorder (Suvak and Barrett,
2011). Affectations of anatomical and functional natures have
been identified in the neurocircuits, especially in the medial
PFC, hippocampus, and amygdala (Shin et al., 2006; Herringa
et al., 2012). Similarly, cortical regions such as the insular
cortex, anterior cingulate cortex, thalamus, and subcortical
limbic structures have become important in understanding the
anomalies present in PTSD (Herringa et al., 2012). Although,
there is a high reproducibility in terms of deficits in classical
structures of the human nervous system, there are also novel
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TABLE 2 | Summary of specific criteria and symptoms for the diagnosis of PTSD (American Psychiatric Association [APA], 2013).
Re-experiences or intrusions (1/5)
(1) Recurrent, involuntary, and intrusive distressing
memories of the traumatic event(s).
(2) Recurrent distressing dreams in which the content
and/or affect of the dream are related to the traumatic
event(s).
(3) Dissociative reactions (e.g., flashbacks) in which the
individual feels or acts as if the traumatic event(s) were
recurring.
(4) Intense or prolonged psychological distress at exposure
to internal or external cues that symbolize or resemble an
aspect of the traumatic event(s).
(5) Marked physiological reactions to internal or external cues that symbolize or resemble an aspect of the traumatic event(s).
Avoidance (1/2)
(1) Avoidance or efforts to avoid distressing memories,
thoughts or feelings about or closely associated with the
traumatic event(s).
(2) Avoidance or efforts to avoid external reminders (people,
places, conversations, activities, objects, situations) that
arouse distressing memories, thoughts, or feelings about or
closely associated with the traumatic event(s).
Persistent negative alterations in cognition and mood (2/7)
(1) Inability to remember an important aspect of the
traumatic event(s).
(2) Persistent and exaggerated negative beliefs or
expectations about oneself, others, or the world.
(3) Persistent, distorted cognitions about the cause or
consequences of the traumatic event(s) that lead the
individual to blame himself/herself or others.
(4) Persistent negative emotional state.
(5) Markedly diminished interest or participation in
significant activities.
(6) Feelings of detachment or estrangement from others.
(7) Persistent inability to experience positive emotions.
Increased excitability (2/6)
(1) Irritable behavior and angry outbursts (with little or no
provocation) typically expressed as verbal or physical
aggression toward people or objects.
(2) Reckless or self-destructive behavior.
(3) Hypervigilance. (4) Exaggerated startle response.
(5) Problems with concentration. (6) Sleep disturbance.
Applies to adults, adolescents and children over 6 years. The essential feature (PTSD) is the development of symptoms after exposure to one or more traumatic events.
The duration of symptoms of disturbance should be more than 1 month. Dissociative symptoms should not be attributed to the physiological effects of a substance.
(/): symptoms required for the category. The disturbance causes clinically significant distress or impairment in important social, occupational, or other areas of functioning.
reports in the scientific literature that reveal the complexity
of the neurobiological mechanisms involved in the expression
and development of psychopathology in PTSD (Herringa et al.,
2012; Patel et al., 2012). There is no equality regarding
variables such as study design, type of target population,
biological technique, time of occurrence of the disorder, the
expression of symptoms and its comorbidities with others,
leading to absolute certainty of one single structure and a
single key fault disorder (Etkin and Wager, 2007; Pitman et al.,
2012).
The volume reduction in the hippocampus and hippocampal
atrophy phenomenon detected in patients with chronic PTSD has
been widely reported (Shin et al., 2006; Pitman et al., 2012). The
most widespread hypothesis corresponds to a phenomenon of
cytotoxicity and cell death, resulting from excessive stimulation
of the system (Pitman et al., 2012). A decrease in hippocampal
activation during symptomatic expression has also been reported,
as well as in performing memory tasks involving a judgment
of emotional valences (Sherin and Nemeroff, 2011). Conversely,
changes in the system (5-HT) reach defined alterations in
hippocampal increased activity and severity of symptoms in
PTSD (Bremner, 2006; Bremner et al., 2008; Sherin and
Nemeroff, 2011).
Amygdala deficits lead to flaws in the evaluation and
regulation of biologically relevant threat signals. There is
evidence of abnormalities in the functionality of the amygdala
in PTSD, and increased startle response has been postulated to
represent an increase in function (Bremner, 2006). Because of
this, a large brain circuitry is involved in their functional ability,
which is consequently committed to the ventromedial PFC and
rostral anterior cingulate region (Sherin and Nemeroff, 2011;
Pitman et al., 2012). Similarly, chronic PTSD has been correlated
with a reduction in the dorsolateral prefrontal parietal gray
matter and cingulate cortex (Pitman et al., 2012). The duration
of the disorder has been analyzed as a direct proportion to
the reduction in gray matter and the severity of the symptoms
(Eckart et al., 2011; Chen et al., 2012; Pitman et al., 2012).
Effects on the brain’s medial diencephalic region, specifically the
thalamus, by glutamatergic system failures have been associated
with an expression of dissociative states in PTSD (Bremner et al.,
2008). It is speculated that such dissociation occurs as a result
of alterations in the thalamic transmission, which can be due
either to a decrease in entries in the thalamus, which generates
a suppression of emotional memories, or charging excessive
noradrenergic input stimuli in the thalamus (O’Brien and Nutt,
1998).
Sartory et al. (2013) recently demonstrated a greater number
of interconnected cortical areas involved in shaping the
symptoms, specifically re-experiencing on a recurring basis.
PTSD patients showed significant activation in the mid-line
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FIGURE 4 | Schematic summary of the classical model of neurobiology in the expression of PTSD: hypothalamic-pituitary-adrenal axis. Source: made
by myself.
retrosplenial cortex and precuneus region in response to stimuli
associated with the trauma. Likewise, a hyperarousal of the
anterior cingulate gyrus was also evident as well as the bilateral
amygdala and hypoactivation in sensory association areas, which
could indicate that the attentional system required to meet
the demand of a task is compromised by centralization of a
traumatic memory, generating an associative learning bias due to
its intrusive and disturbing connotations.
It is important to note that although research reveals a variety
of structural and functional changes by neuroimaging evidence
due to exposure to a traumatic event, these changes have been
associated with the trauma and therefore care should be taken not
to consider them as a cause-effect (Sherin and Nemeroff, 2011;
Patel et al., 2012).
Genetic vulnerability, as well as the pre-existence of different
abnormalities, are aspects that could be acting as a development
risk factor of a symptomatic trauma or neurodegenerative pattern
after the trauma (Miller and Sadeh, 2014). Knowledge of the
genetic basis and neural pathways involved in the etiology and
maintenance of the disorder allow better understanding from a
clinical perspective (Suvak and Barrett, 2011; Pitman et al., 2012;
Skelton et al., 2012).
Post-traumatic Stress Disorder and
Inhibitory Control Dysfunction
According to the DSM-5 (American Psychiatric Association
[APA], 2013), recurring memories of the event, avoidance of
stimuli associated with the traumatic experience, diminished
interest in significant activities, a constant state of hypervigilance,
and attentional problems in terms of maintenance, form a
pattern of information processing for the majority of PTSD
cases.
The central components refer to neurobiological substrate
irregularities involving an increased vulnerability in limbic and
prefrontal regions, specifically during mnemonic, attentional,
emotional and executive processing (Bonelli and Cummings,
2007; Pitman et al., 2012; Chen and Etkin, 2013).
Irregular functioning of inhibitory control, considering the
properties of control and regulation, would lead to a permanent
imbalance of the nervous system, as well as recurrent failures that
would place the cognitive and emotional stability of the subject at
risk (MacDonald et al., 2000; Gifford, 2002). The integrity of all
executive capabilities provides benefits in terms of the strategy to
direct attention and inhibit irrelevant stimuli, thus tending to best
guarantee the achievement of a goal (Snyder et al., 2015). Failures
in attentional efficiency of the executive control network, mainly
in inhibiting interference and attentional failures, have been
linked to a decreased ability to control voluntary actions in PTSD
patients (Pacheco-Unguetti et al., 2011; Pechtel and Pizzagalli,
2011), as well as difficulties in developing efficient strategies to
cope with potentially anxiety-inducing elements (Polak et al.,
2012).
Inhibitory control is essential for the exercise of mental
flexibility, control and impulsivity interference, WM, self-
regulation of emotion and the capacity for analysis and
synthesis of behavior (Aron, 2007; Diamond, 2013). An
extensive network of frontostriatal circuits are affected in the
inhibitory control of patients who have suffered traumatic
experiences (Aupperle et al., 2012b; Pitman et al., 2012).
Neuropsychological studies have documented anatomical and
functional disorders associated with cognitive deficits in patients
with PTSD, compared with controls (Bremner, 2006). Long-
term effects have been identified in the memory domain for
verbal information (McNally, 2006; Brewin, 2011) and visual
memory (Marx et al., 2009), declarative memory (Samuelson,
2011), attention (Samuelson et al., 2006; Aupperle et al., 2012a),
sustained attention (Vasterling et al., 2002), emotional processing
(Milad et al., 2008), WM (Aupperle et al., 2012a), intelligence
(Gilbertson et al., 2006), language and communication (McNally,
2006), learning (Samuelson et al., 2006), and processing
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speed (Samuelson et al., 2006). Disturbances in executive
functioning are important to the large bias in cognitive
activity in general (Pollak et al., 2010; Aupperle et al.,
2012b).
Relationship between Attention Deficit
Disorder/Hyperactivity and
Post-traumatic Stress Disorder
The inhibitory control component of interest in this review lies
mainly in its importance as a central aspect of EF (Banich,
2009; Diamond, 2013) and as a key mechanism that contributes
significantly to the efficiency of the executive system in general
(Aron, 2007; Banich, 2009). It is for this reason that the
different components that make up the theory associated with
EFs are initially highlighted, with special emphasis on inhibitory
control.
The structural and functional abnormalities of both ADHD
and PTSD are evident in a large and complex brain circuit that
comprises frontal and medial areas, as well as the cingulate cortex
and thalamus, the hippocampal formation and the amygdaloid
complex (Bonelli and Cummings, 2007; Pitman et al., 2012; Etkin
et al., 2013). This creates a permanent interest in their revision,
seeking greater clarity of their underlying mechanisms, which can
be a possible route in terms of objective biomarkers and its future
use in the monitoring of each pathology.
On the other hand, endocrine factors and brain circuits
are involved in the optimal functioning of inhibitory control,
especially in the dorsal and ventral PFC, the supplementary
motor area, anterior cingulate and parietal and occipital lobe.
Such irregularities in the neural mechanisms are associated with
the severity of the symptoms in both ADHD and PTSD, referring
globally to deficits in attentional systems (Gifford, 2002; Rae et al.,
2015).
Regarding the link between these two diagnostic entities, there
is evidence suggesting comorbidity with prevalence estimates
ranging from 12 to 37% (Adler et al., 2004). The comorbidity
described is associated with problems in emotional modulation
(arousal levels) that are common to both disorders (hyperarousal
and hypoactivation; Harrington et al., 2012).
Adler et al. (2004) suggest that ADHD can become a risk factor
that increases vulnerability to developing PTSD after exposure to
a traumatic event, based on the finding that the patients with
PTSD that they evaluated reported higher levels of ADHD in
childhood compared to patients with other disorders.
A study by Koenen et al. (2007) showed patients were
50% more likely to experience psychological trauma if there
was a history associated with hyperactivity problems, antisocial
behavior, and irritability during childhood, compared to
individuals with no such history.
Authors such as Adams (2010) have argued that experiencing
traumatic events in childhood is strongly associated with
development of psychiatric conditions for life, such as personality
disorders, behavioral disorders, ADHD, depression, anxiety,
substance abuse and PTSD; as well as developmental delay,
impaired cognitive skills, learning difficulties, and even a
lower IQ.
In 2000, Ford and collaborators revealed results that suggest
that the presence of ADHD and Oppositional Defiant Disorder
is more common in patients with a history of physical or
sexual abuse, pointing to abuse as a significant risk factor for
development of behavioral disorders.
Thus, ADHD during childhood increases exposure to trauma,
including physical injuries, physical and sexual abuse, neglect,
among others (Koenen et al., 2007; Ouyang et al., 2008). In
addition, children who are exposed to traumatic events may
be more vulnerable to experiencing an exacerbation of the
symptoms of ADHD, such as those related to the regulation
of impulses and physiological hyperarousal (Ford et al., 2000;
Harrington et al., 2012).
The symptoms that reflect the overlap between ADHD and
PTSD include irritability, excessive motor activity, learning
disabilities, attention, the attentional shift and concentration
difficulties, impulsive behavior, and exaggerated startle responses
(Hervey et al., 2004; Daud and Rydelius, 2009), clearly
demonstrating symptoms common to both disorders associated
with EFs. Thus, alterations in the EFs due to ADHD may explain
the high reporting of the disorder as a risk factor for developing
PTSD, as suggested by several studies (Nigg et al., 2002; Martel
and Nigg, 2006; Volkow et al., 2011).
Generally, according to Bernardi et al. (2012), high rates of
impulsive behavior, inattentiveness, and alterations in inhibitory
control in individuals with ADHD could provide explanations for
the increased risk of trauma.
According to a study by Harrington et al. (2012), which
used a confirmatory factor analysis to establish the level of
correlation between ADHD and PTSD, the “lack of attention”
in ADHD was identified as a factor associated moderately
with symptoms of avoidance in the PTSD. Based on this
result, the study authors explain that inattention in ADHD and
avoidance symptoms in PTSD may reflect similar changes in
cognitive control mechanisms, creating problems of distraction
and disorganization in ADHD and difficulty in emotionally
suppressing intrusive thoughts in PTSD, exposing possible
associations between the two disorders related to alterations in
inhibitory control.
Swick et al. (2013) evaluated the variability in RT as an
indicator of executive dysfunction, specifically as it relates to
difficulties in inhibitory control and excessive mental disorder
in war veterans and controls, through the go/no go inhibition
task, finding that individuals with PTSD had significantly greater
variability in RT than the controls, suggesting that they are
less successful in inhibiting appropriate responses; in addition,
other symptoms such as attentional impulsivity are also present
in individuals with ADHD. The findings of this study pointed
to deficits in cognitive control processes, specifically top–down,
which could contribute to the continuation of PTSD symptoms.
Greater RT variability in cognitive tasks has been associated
with a greater propensity toward negative affect (Ode et al., 2011),
among other conditions, for developmental disorders (Tamm
et al., 2012) such as ADHD. In fact, the increased variability
in RTs in ADHD is a highly replicable finding (Hervey et al.,
2006; Swick et al., 2013; Tarantino et al., 2013). Among the
various explanations for this increased RT variability are: deficits
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in sustained attention, problems processing time information,
and difficulties in regulating behavior (Johnson et al., 2007;
Tamm et al., 2012), resulting in a general marker of executive
dysfunction (Ode et al., 2011).
However, it is not known whether deficiencies in the general
cognitive mechanism such as top–down can account for similar
deficits in several disorders, or whether different mechanisms are
involved (Swick et al., 2013).
Based on the above, it could be argued that the cognitive,
emotional and behavioral disfunctions that characterize both
ADHD and PTSD may result from the overlapping of neural
substrates.
GENERAL CONCLUSION
As a result of the review of literature associated with ADHD
and PTSD, it can be said that these two clinical entities are
characterized by a set of signs and symptoms that detail their
particular neurobiology, thus allowing a better understanding
for clinical management and behavioral aspects to be taken into
account in the different diagnoses and future interventions.
Inhibitory control is a cognitive process that plays an
important role in ADHD and PTSD; giving rise to the possibility
that research generates experimental approaches where
inhibitory control is associated with emotional components. In
this regard, it would be possible to act on the “psychological
distress” that leads these two disorders, especially regarding
behavioral disturbances, threatening the adaptation of the
affected subject to different contexts in which they operate,
including comorbidity with various other mental disorders
(Bonelli and Cummings, 2007; Etkin et al., 2013).
Current information on the link between ADHD and PTSD is
inconclusive, which still allows for the development of knowledge
and interest in its disclosure, primarily through the generation of
new research.
On the other hand, continuing to generate associated
research will undoubtedly provide a greater understanding as
to the specificity of the neurobiological aspects present in
both psychiatric conditions. In this sense, the following may
be proposed: (1) Biomarker analysis and its future use in the
monitoring of each pathology. Genetic and neurophysiological
evidence can be integrated into the study of brain hemodynamics
using fMRI, PET and SPECT techniques, for example, as well as
EEG by monitoring spontaneous and induced electrical activity.
Thus, we could better understand the physiological and cognitive
mechanisms underlying these pathologic entities, generating
new possibilities for clinical and experimental settings. (2) Use
of neuropsychological assessment and neuroimaging in order
to map the brain. It is vital to develop studies that record
biological activity while simultaneously making assessments via
cognitive tests (specifically frontal lobe assessment using EF
tests). It would be more appropriate to combine traditional
and ecological neuropsychological tools in order to obtain
more reliable results. (3) Comorbidity and monitoring of
the disorder. Given the explanations outlined in this review
regarding the increased chance of individuals diagnosed with
ADHD suffering from PTSD, is it possible to argue that
ADHD worsens the outcome of PTSD, and can we therefore
propose a comorbidity? If yes, this could be included in
future diagnostic manuals to show the interaction between
the two pathologies. Thus, it would contribute not only
to the understanding and diagnosis of both diseases, but
also to its monitoring at both the clinical and research
levels.
Finally, it should be expected that the inclusion of
technological tools in the diagnostic and intervention stage
will allow better recreation of the scenarios of daily life, thus
increasing understanding of rarely addressed cognitive and
emotional strategies that are important in shaping ADHD and
PTSD.
AUTHOR CONTRIBUTIONS
LM, EP, CS, MT, CT conceptualized and designed the work. LM,
EP, CS drafted the work. LM, EP, CS, MT, CT critically revised
and approved the manuscript.
FUNDING
LM is recipient of a doctoral fellowship from the Student
Program – Graduate Studies Plan (PEC-PG), CAPES/CNPq,
Brazil, and EP is recipient of a doctoral fellowship from
the Pontifical Bolivarian University, Bucaramanga, Colombia.
MT is recipient of a research fellowship from CNPq/Brazil
(311582/2015-0).
REFERENCES
Adams, E. J. (2010). Healing invisible wounds: Why Investing in Traumainformed
Care for Children Makes Sense. Washington, DC: Justice Policy Institute.
Adler, L. A., Kunz, M., Chua, H. C., Rotrosen, J., and Resnick, S. G. (2004).
Attentiondeficit/hyperactivity disorder in adult patients with posttraumatic
stress disorder (PTSD): Is ADHD a veulnerability factor? J. Atten. Disord. 8,
11–16. doi: 10.1177/108705470400800102
American Psychiatric Association [APA] (1994). DSM-IV. Diagnostic and
Statistical Manual of Mental Disorders, 4th Edn. Washington, DC: Author.
American Psychiatric Association [APA] (2013). DSM-5. Diagnostic and Statistical
Manual of Mental Disorders, 5th Edn. Washington, DC: Author.
Ardila, A. (2008). On the evolutionary origins of executive functions. Brain Cogn.
68, 92–99. doi: 10.1016/j.bandc.2008.03.003
Arnett, A. B., MacDonald, B., and Pennington, B. F. (2013). Cognitive and
behavioral indicators of ADHD symptoms prior to school age. J. Child Psychol.
Psychiatry 54, 1284–1294. doi: 10.1111/jcpp.12104
Arnsten, A. F., and Li, B. M. (2005). Neurobiology of executive functions:
catecholamine influences on prefrontal cortical functions. Biol. Psychiatry 57,
1377–1384. doi: 10.1016/j.biopsych.2004.08.019
Arnsten, A. F., Steere, J. C., and Hunt, R. D. (1996). The contribution of alpha 2-
noradrenergic mechanisms of prefrontal cortical cognitive function. Potential
significance for attention deficit hyperactivity disorder. Arch. Gen. Psychiatry
53, 448–455. doi: 10.1001/archpsyc.1996.01830050084013
Frontiers in Psychology | www.frontiersin.org 12 August 2016 | Volume 7 | Article 1230
fpsyg-07-01230 August 20, 2016 Time: 14:30 # 13
Martínez et al. Executive Dysfunctions in Neuropsychiatric Disorders
Aron, A. R. (2007). The neural basis of inhibition in cognitive control.
Neuroscientist 13, 214–228. doi: 10.1177/1073858407299288
Aron, A. R., Robbins, T. W., and Poldrak, R. A. (2004). Inhibition and
the right inferior frontal cortex. Trends Cogn. Sci. 8, 170–177. doi:
10.1016/j.tics.2004.02.010
Aupperle, R. L., Allard, C. B., Grimes, E. M., Simmons, A. N., Flagan, T.,
Behrooznia, M., et al. (2012a). Dorsolateral prefrontal cortex activation
during emotional anticipation and neuropsychological performance in
posttraumatic stress disorder. Arch. Gen. Psychiatry 69, 360–371. doi:
10.1001/archgenpsychiatry.2011.1539
Aupperle, R. L., Melrose, A. J., Stein, M. B., and Paulus, M. P. (2012b). Executive
function and PTSD: disengaging from trauma. Neuropharmacology 62, 686–
694. doi: 10.1016/j.neuropharm.2011.02.008
Banich, M. T. (2009). Executive function: the search for an integrated account.
Curr. Dir. Psychol. Sci. 18, 89–94. doi: 10.1111/j.1467-8721.2009.01615.x
Barkley, R. A. (1997). Behavioral inhibition, sustained attention, and executive
functions: constructing a unifying theory of ADHD. Psychol. Bull. 121, 65–94.
doi: 10.1037/0033-2909.121.1.65
Barkley, R. A. (2006). “A theory of ADHD,” in Attention-Deficit Hyperactivity
Disorder. A Handbook for Diagnosis and Treatment, ed. R. A. Barkley
(New York, NY: Guilford Press), 297–233.
Bernardi, S., Faraone, S. V., Cortese, S., Kerridge, B. T., Pallanti, S., Wang, S., et al.
(2012). The lifetime impact of attention-deficit hyperactivity disorder: results
from the national epidemiologic survey on alcohol and related conditions.
Psychol. Med. 42, 875–887. doi: 10.1017/S003329171100153X
Biederman, J., Petty, C. R., Wozniak, J., Wilens, T. E., Fried, R., Doyle, A., et al.
(2011). Impact of executive function deficits in youth with bipolar I disorder: a
controlled study. Psychiatry Res. 186, 58–64. doi: 10.1016/j.psychres.2010.08.029
Blakeley, K., and Jansen, D. J. (2013). Post-Traumatic Stress Disorder and
Other Mental Health Problems in the Military: Oversight Issues for Congress.
Washington, DC: Congressional Research Service.
Bobb, A. J., Addington, A. M., Sidransky, E., Gornick, M. C., Lerch, J. P.,
Greenstein, D. K., et al. (2005). Support for association between ADHD and
two candidate genes: NET1 and DRD1. Am. J. Med. Genet. B Neuropsychiatr.
Genet. 134B, 67–72. doi: 10.1002/ajmg.b.30142
Bonelli, R., and Cummings, J. L. (2007). Frontal-subcortical circuitry and behavior.
Dialogues Clin. Neurosci. 9, 141–151.
Boutros, N., Fraenkel, L., and Feingold, A. (2005). A four-step approach for
developing diagnostic tests in psychiatry: EEG in ADHD as a test case.
J. Neuropsychiatry Clin. Neurosci. 17, 455–464. doi: 10.1176/jnp.17.4.455
Bremner, J. D. (2006). The relationship between cognitive and brain changes
in posttraumatic stress disorder. Ann. N. Y. Acad. Sci. 1071, 80–86. doi:
10.1196/annals.1364.008
Bremner, J. D., Elzinga, B., Schmahl, C., and Vermetten, E. (2008). Structural and
functional plasticity of the human brain in posttraumatic stress disorder. Prog.
Brain Res. 167, 171–186. doi: 10.1016/S0079-6123(07)67012-5
Brewin, C. R. (2011). The nature and significance of memory disturbance in
posttraumatic stress disorder. Annu. Rev. Clin. Psychol. 7, 203–227. doi:
10.1146/annurev-clinpsy-032210-104544
Bruckmann, S., Hauk, D., Roessner, V., Resch, F., Freitag, C. M., Kammer, T.,
et al. (2012). Cortical inhibition in attention deficit hyperactivity disorder: new
insights from the electroencephalographic response to transcranial magnetic
stimulation. Brain 135, 2215–2230. doi: 10.1093/brain/aws071
Bryant, R. A., Friedman, M. J., Spiegel, D., Ursano, R., and Strain, J. (2011).
A review of acute stress disorder in DSM-5. Depress. Anxiety 28, 802–817. doi:
10.1002/da.20737
Carlson, S. M., and Wang, T. (2007). Inhibitory control and emotion regulation in
preschool children. Cogn. Dev. 22, 489–510. doi: 10.1016/j.cogdev.2007.08.002
Castellanos, F. X. (1997). Toward a pathophysiology of attention-
deficit/hyperactivity disorder. Clin. Pediatr. 36, 381–393. doi:
10.1177/000992289703600702
Chamberlain, S. R., Robbins, T. W., Winder-Rhodes, S., Müller, U.,
Sahakian, B. J., Blackwell, A. D., et al. (2011). Translational approaches to
frontostriatal dysfunction in attention-deficit/hyperactivity disorder using a
computerized neuropsychological battery. Biol. Psychiatry 69, 1192–1203. doi:
10.1016/j.biopsych.2010.08.019
Chapman, J. C., and Diaz-Arrastia, R. (2014). Military traumatic brain injury: a
review. Alzheimers Dement. 10, S97–S104. doi: 10.1016/j.jalz.2014.04.012
Chen, A. C., and Etkin, A. (2013). Hippocampal network connectivity and
activation differentiates post-traumatic stress disorder from generalized anxiety
disorder. Neuropsychopharmacology 38, 1889–1898. doi: 10.1038/npp.2013.122
Chen, Y., Fu, K., Feng, C., Tang, L., Zhang, J., Huan, Y., et al. (2012).
Different regional gray matter loss in recent onset PTSD and non PTSD
after a single prolonged trauma exposure. PLoS ONE 7:e48298. doi:
10.1371/journal.pone.0048298
Chung, H. J., Weyandt, L. L., and Swentosky, A. (2014). “The Physiology of
executive functioning,” in Handbook of Executive Functioning, eds S. Goldstein
and J. A. Naglieri (New York, NY: Springer Science+Business Media), 13–27.
Collette, F., Hogge, M., Salmon, E., and Van der Linden, M. (2006). Exploration
of the neural substrates of executive functioning by functional neuroimaging.
Neuroscience 139, 209–221. doi: 10.1016/j.neuroscience.2005.05.035
Collette, F., Van der Linden, M., Delfiore, G., Degueldre, C., Luxen, A., and
Salmon, E. (2001). The functional anatomy of inhibition processes investigated
with the Hayling task. Neuroimage 14, 258–267. doi: 10.1006/nimg.2001.0846
Collins, A., and Koechlin, E. (2012). Reasoning, learning, and creativity: frontal
lobe function and human decision-making. PLoS Biol. 10:e1001293. doi:
10.1371/journal.pbio.1001293
Comings, D. E. (2001). Clinical and molecular genetics of ADHD and Tourette
syndrome. Two related polygenic disorders. Ann. N. Y. Acad. Sci. 931, 50–83.
doi: 10.1111/j.1749-6632.2001.tb05773.x
Cortese, S., Kelly, C., Chabernaud, C., Proal, E., Di Martino, A., Milham, M. P.,
et al. (2012). Towards systems neuroscience of ADHD: a meta-analysis of 55
fMRI studies. Am. J. Psychiatry 169, 1–28. doi: 10.1176/appi.ajp.2012.11101521
Daud, A., and Rydelius, P. A. (2009). Comorbidity/overlapping between ADHD
and PTSD in relation to IQ among children of traumatized/non-traumatized
parents. J. Atten. Disord. 13, 188–196. doi: 10.1177/1087054708326271
de Jong, J. T., Komproe, I. H., Van Ommeren M., El Masri, M., Araya, M.,
Khaled, N., et al. (2001). Lifetime events and posttraumatic stress disorder in
4 postconflict settings. JAMA 286, 555–562. doi: 10.1001/jama.286.5.555
De La Fuente, A., Xia, S., Branch, C., and Li, X. (2013). A review of attention-
deficit/hyperactivity disorder from the perspective of brain networks. Front.
Hum. Neurosci. 7:192. doi: 10.3389/fnhum.2013.00192
Dedovic, K., Duchesne, A., Andrews, A., Engert, V., and Pruessner, J. C. (2009). The
brain and the stress axis: the neural correlates of cortisol regulation in response
to stress. Neuroimage 47, 864–871. doi: 10.1016/j.neuroimage.2009.05.074
Diamond, A. (2006). “The early development of executive functions,” in Lifespan
Cognitive Mechanisms of Change, eds E. Bialystok and F. Craik (New York, NY:
Oxford University Press), 70–95.
Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168. doi:
10.1146/annurev-psych-113011-143750
Ditye, T., Jacobson, L., Walsh, V., and Lavidor, M. (2012). Modulating behavioral
inhibition by tDCS combined with cognitive training. Exp. Brain Res. 219,
363–368. doi: 10.1007/s00221-012-3098-4
Doctor, J. N., Zoellner, L. A., and Feeny, N. C. (2011). Predictors of health-related
quality-of-life utilities among persons with posttraumatic stress disorder.
Psychiatric Serv. 62, 272–277. doi: 10.1176/appi.ps.62.3.272
Doyle, A. E. (2006). Executive functions in attention-deficit/hyperactivity disorder.
J. Clin. Psychiatry 6, 21–26.
Eckart, C., Stoppel, C., Kaufmann, J., Tempelmann, C., Hinrichs, H., Elbert, T.,
et al. (2011). Structural alterations in lateral prefrontal, parietal and posterior
midline regions of men with chronic posttraumatic stress disorder. J. Psychiatry
Neurosci. 36, 176–186. doi: 10.1503/jpn.100010
Elliott, R. (2003). Executive functions and their disorders. Br. Med. Bull. 65, 49–59.
doi: 10.1093/bmb/65.1.49
Etkin, A., Gyurak, A., and O’Hara, R. (2013). A neurobiological approach to the
cognitive deficits of psychiatric disorders. Dialogues Clin. Neurosci. 15, 419–429.
doi: 10.1016/j.jad.2005.11.006
Etkin, A., and Wager, T. D. (2007). Functional neuroimaging of anxiety: a meta-
analysis of emotional processing in PTSD, social anxiety disorder, and specific
phobia. Am. J. Psychiatry 164, 1476–1488. doi: 10.1176/appi.ajp.2007.070
30504
Ford, J. D., Racusin, R., Ellis, C. G., Daviss, W. B., Reiser, J., Fleischer, A., et al.
(2000). Child maltreatment, other trauma exposure, and posttraumatic
symptomatology among children with oppositional defiant and
attention deficit hyperactivity disorders. Child Maltreat. 5, 205–217. doi:
10.1177/1077559500005003001
Frontiers in Psychology | www.frontiersin.org 13 August 2016 | Volume 7 | Article 1230
fpsyg-07-01230 August 20, 2016 Time: 14:30 # 14
Martínez et al. Executive Dysfunctions in Neuropsychiatric Disorders
Friedman, M. J. (2013). Finalizing PTSD in DSM-5: getting here from there and
where to go next. J. Trauma Stress 26, 548–556. doi: 10.1002/jts.21840
Friedman, M. J., Resick, P. A., Bryant, R. A., and Brewin, C. R. (2011). Considering
PTSD for DSM-5. Depress. Anxiety 28, 750–769. doi: 10.1002/da.20767
Funahashi, S., and Andreau, J. M. (2013). Prefrontal cortex and neural
mechanisms of executive function. J. Physiol. París 107, 471–482. doi:
10.1016/j.jphysparis.2013.05.001
Fuster, J. M. (2002). Frontal lobe and cognitive development. J. Neurocytol. 31,
373–385. doi: 10.1023/A:1024190429920
Fuster, J. M. (2008). The Prefrontal Cortex. London: Academic Press.
Gifford, A. (2002). Emotion and self-control. J. Econ. Behav. Organ. 49, 113–130.
doi: 10.1016/S0167-2681(02)00061-6
Gilbertson, M. W., Paulus, L. A., Williston, S. K., Gurvits, T. V., Lasko, N. B.,
Pitman, R. K., et al. (2006). Neurocognitive function in monozygotic
twins discordant for combat exposure: relationship to posttraumatic
stress disorder. J. Abnorm. Psychol. 115, 484–495. doi: 10.1037/0021-843X.
115.3.484
Greenberg, N., Brooks, S., and Dunn, R. (2015). Latest developments in post-
traumatic stress disorder: diagnosis and treatment. Br. Med. Bull. 114, 147–155.
doi: 10.1093/bmb/ldv014
Harrington, K. M., Miller, M. W., Wolf, E. J., Reardon, A. F., Ryabchenko, K. A.,
and Ofrat, S. (2012). Attention-deficit/hyperactivity disorder comorbidity in a
sample of veterans with posttraumatic stress disorder. Compr. Psychiatry 53,
679–690. doi: 10.1016/j.comppsych.2011.12.001
Hart, H., Radua, J., Nakao, T., Mataix-Cols, D., and Rubia, K. (2013). Meta-
analysis of functional magnetic resonance imaging studies of inhibition and
attention in attention-deficit/hyperactivity disorder: exploring task-specific,
stimulant medication, and age effects. JAMA Psychiatry 70, 185–198. doi:
10.1001/jamapsychiatry.2013.277
Hasler, G., Van der Veen, J. W., Grillon, C., Drevets, W. C., and Shen, J.
(2010). Effect of acute psychological stress on prefrontal GABA concentration
determined by proton magnetic resonance spectroscopy. Am. J. Psychiatry 167,
1226–1231. doi: 10.1176/appi.ajp.2010.09070994
Heim, C., Newport, D. J., Heit, S., Graham, Y. P., Wilcox, M., Bonsall, R.,
et al. (2000). Pituitary-adrenal and autonomic responses to stress in women
after sexual and physical abuse in childhood. JAMA 284, 592–597. doi:
10.1001/jama.284.5.592
Herringa, R., Phillips, M., Almeida, J., Insana, S., and Germain, A. (2012). Post-
traumatic stress symptoms correlate with smaller subgenual cingulate, caudate,
and insula volumes in unmedicated combat veterans. Psychiatry Res. 203,
139–145. doi: 10.1016/j.pscychresns.2012.02.005
Hervey, A. S., Epstein, J. N., and Curry, J. F. (2004). Neuropsychology of
adults with attention-deficit/hyperactivity disorder: a meta-analytic review.
Neuropsychology 18, 485–503. doi: 10.1037/0894-4105
Hervey, A. S., Epstein, J. N., Curry, J. F., Tonev, S., Arnold, L. E., Conners,
C. K., et al. (2006). Reaction time distribution analysis of neuropsychological
performance in an ADHD sample. Child Neuropsychol. 12, 125–140. doi:
10.1080/09297040500499081
Hofmann, W., Schmeichel, B. J., and Baddeley, A. D. (2012). Executive
functions and self-regulation. Trends Cogn. Sci. 16, 174–180. doi:
10.1016/j.tics.2012.01.006
Johnson, K. A., Kelly, S. P., Bellgrove, M. A., Barry, E., Cox, M., Gill, M.,
et al. (2007). Response variability in attention deficit hyperactivity disorder:
evidence for neuropsychological heterogeneity. Neuropsychologia 45, 630–638.
doi: 10.1016/j.neuropsychologia.2006.03.034
Jurado, M. B., and Rosselli, M. (2007). The elusive nature of executive functions:
a review of our current understanding. Neuropsychol. Rev. 17, 213–233. doi:
10.1007/s11065-007-9040-z
Kane, M. J., Bleckley, M. K., Conway, A. R., and Engle, R. W. (2001). A controlled-
attention view of working memory capacity. J. Exp. Psychol. Gen. 130, 169–183.
doi: 10.1037/0096-3445.130.2.169
Kessler, R. C., Chiu, W. T., Demler, O., Merikangas, K. R., and Walters, E. E. (2005).
Prevalence, severity, and comorbidity of 12-month DSM-IV disorders in the
national comorbidity survey replication. Arch. Gen. Psychiatry 62, 617–627. doi:
10.1001/archpsyc.62.6.617
Kessler, R. C., and Wang, P. S. (2008). The descriptive epidemiology of commonly
occurring mental disorders in the United States. Annu. Rev. Public Health 29,
115–129. doi: 10.1146/annurev.publhealth.29.020907.090847
Koenen, K. C., Moffitt, T. E., Poulton, R., Martin, J., and Caspi, A. (2007). Early
childhood factors associated with the development of post-traumatic stress
disorder: results form a longitudinal birth cohort. Psychol. Med. 37, 181–192.
doi: 10.1017/S0033291706009019
Lange, K. W., Reichl, S., Lange, K. M., Tucha, L., and Tucha, O. (2010). The history
of attention deficit hyperactivity disorder. Atten. Defic. Hyperact. Disord. 2,
241–255. doi: 10.1007/s12402-010-0045-8
Lundervold, A. J., Adolfsdottir, S., Halleland, H., Halmoy, A., Plessen, K.,
and Haavik, J. (2011). Attention network test in adults with ADHD—the
impact of affective fluctuations. Behav. Brain Funct. 7, 27. doi: 10.1186/1744-
9081-7-27
Lunt, L., Bramham, J., Morris, R. G., Bullock, P. R., Selway, R. P., Xenitidis, K.,
et al. (2012). Prefrontal cortex dysfunction and “jumping to conclusions”: bias
or deficit? J. Neuropsychol. 6, 65–78. doi: 10.1111/j.1748-6653.2011.02005.x
MacDonald, A. W., Cohen, J. D., Stenger, V. A., and Carter, C. S.
(2000). Dissociating the role of the dorsolateral prefrontal and anterior
cingulate cortex in cognitive control. Science 288, 1835–1838. doi:
10.1126/science.288.5472.1835
Maksimovskiy, A. L., McGlinchey, R. E., Fortier, C. B., Salat, D. H., Milberg, W. P.,
and Oscar-Berman, M. (2014). White matter and cognitive changes in veterans
diagnosed with alcoholism and PTSD. J. Alcohol. Drug Depend. 2, 144. doi:
10.4172/2329-6488.1000144
Martel, M. M., and Nigg, J. T. (2006). Child ADHD and personality/temperament
traits of reactive and effortful control, resiliency, and emotionality. J. Child
Psychol. Psychiatry 47, 1175–1183. doi: 10.1111/j.1469-7610.2006.01629.x
Marvel, C. L., and Desmond, J. E. (2010). Functional topography of the
cerebellum in verbal working memory. Neuropsychol. Rev. 20, 271–279. doi:
10.1007/s11065-010-9137-7
Marx, B. P., Doron-Lamarca, S., Proctor, S. P., and Vasterling, J. J. (2009).
The influence of pre-deployment neurocognitive functioning on post-
deployment PTSD symptom outcomes among Iraq-deployed Army
soldiers. J. Int. Neuropsychol. Soc. 15, 840–852. doi: 10.1017/S13556177099
90488
McLoughlin, G., Palmer, J. A., Rijsdijk, F., and Makeig, S. (2014). Genetic
overlap between evoked frontocentral theta-band phase variability, reaction
time variability, and attention-deficit/hyperactivity disorder symptoms in
a twin study. Biol. Psychiatry 75, 238–247. doi: 10.1016/j.biopsych.2013.
07.020
McNally, R. J. (2006). Cognitive abnormalities in post-traumatic stress disorder.
Trends Cogn. Sci. 10, 271–277. doi: 10.1016/j.tics.2006.04.00
Miller, M. W., and Sadeh, N. (2014). Traumatic stress, oxidative stress and
posttraumatic stress disorder: neurodegeneration and the accelerated-
aging hypothesis. Mol. Psychiatry 19, 1156–1162. doi: 10.1038/mp.
2014.111
Milad, M. R., Orr, S. P., Lasko, N. B., Chang, Y., Rauch, S. L., and Pitman, R.
K. (2008). Presence and acquired origin of reduced recall for fear extinction
in PTSD: results of a twin study. J. Psychiatr. Res. 42, 515–520. doi:
10.1016/j.jpsychires.2008.01.017
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and
Wager, T. D. (2000). The unity and diversity of executive functions and their
contributions to complex “frontal lobe” tasks: a latent variable analysis. Cogn.
Psychol. 41, 49–100. doi: 10.1006/cogp.1999.0734
Närhi, V., Lehto-Salo, P., Ahonen, T., and Marttunen, M. (2010).
Neuropsychological subgroups of adolescents with conduct disorder. Scand. J.
Psychol. 51, 278–284. doi: 10.1111/j.1467-9450.2009.00767.x
Nigg, J. T. (2001). Is ADHD an inhibitory disorder? Psychol. Bull. 127, 571–598.
doi: 10.1037/0033-2909.127.5.571
Nigg, J. T., John, O. P., Blaskey, L. G., Huang-Pollock, C. L., Willcutt, E. G.,
Hinshaw, S. P., et al. (2002). Big five dimensions and ADHD symptoms: links
between personality traits and clinical symptoms. J. Pers. Soc. Psychol. 83,
451–469. doi: 10.1037/0022-3514.83.2.451
O’Brien, M., and Nutt, D. (1998). Loss of consciousness and post-traumatic stress
disorder: a clue to aetiology and treatment. Br. J. Psychiatry 173, 102–104. doi:
10.1192/bjp.173.2.102
Ode, S., Robinson, M. D., and Hanson, D. M. (2011). Cognitive-
emotional dysfunction among noisy minds: predictions from individual
differences in reaction time variability. Cogn. Emot. 25, 307–327. doi:
10.1080/02699931.2010.494387
Frontiers in Psychology | www.frontiersin.org 14 August 2016 | Volume 7 | Article 1230
fpsyg-07-01230 August 20, 2016 Time: 14:30 # 15
Martínez et al. Executive Dysfunctions in Neuropsychiatric Disorders
Ogle, C. M., Rubin, D. C., Berntsen, D., and Siegler, L. C. (2013). The frequency
and impact of exposure to potentially traumatic events over the life course. Clin.
Psychol. Sci. 1, 426–434. doi: 10.1177/2167702613485076
Ouyang, L., Fang, X., Mercy, J., Perou, R., and Grosse, S. D. (2008). Attention-
deficit/hyperactivity disorder symptoms and child maltreatment: a population
based study. J. Pediatr. 153, 851–856. doi: 10.1016/j.jpeds.2008.06.002
Pacella, M. L., Hruska, B., and Delahanty, D. L. (2013). The physical health
consequences of PTSD and PTSD symptoms: a meta-analytic review. J. Anxiety
Disord. 27, 33–46. doi: 10.1016/j.janxdis.2012.08.004
Pacheco-Unguetti, A. P., Acosta, A., Marqués, E., and Lupiáñez, J. (2011).
Alterations of the attentional networks in patients with anxiety disorders.
J. Anxiety Disord. 25, 888–895. doi: 10.1016/j.janxdis.2011.04.010
Pagotto, L. F., Mendlowicz, M. V., Coutinho, E. S., Figueira, I., Luz, M. P., Araujo,
A. X., et al. (2015). The impact of posttraumatic symptoms and comorbid
mental disorders on the health-related quality of life in treatment-seeking
PTSD patients. Compr. Psychiatry 58, 68–73. doi: 10.1016/j.comppsych.2015.
01.002
Patel, R., Spreng, R. N., Shin, L. M., and Girard, T. A. (2012). Neurocircuitry
models of posttraumatic stress disorder and beyond: a meta-analysis of
functional neuroimaging studies. Neurosci. Biobehav. Rev. 36, 2130–2142. doi:
10.1016/j.neubiorev.2012.06.003
Pechtel, P., and Pizzagalli, D. A. (2011). Effects of early life stress on
cognitive and affective function: an integrated review of human literature.
Psychopharmacology 214, 55–70. doi: 10.1007/s00213-010-2009-2
Pitman, R. K., Rasmusson, A. M., Koenen, K. C., Shin, L. M., Orr, S. P., Gilbertson,
M. W., et al. (2012). Biological studies of post-traumatic stress disorder. Nat.
Rev. Neurosci. 13, 769–787. doi: 10.1038/nrn3339
Polak, A. R., Witteveen, A. B., Reitsma, J. B., and Olff, M. (2012). The role
of executive function in posttraumatic stress disorder: a systematic review.
J. Affect. Disord. 141, 11–21. doi: 10.1016/j.jad.2012.01.001
Pollak, S. D., Nelson, C. A., Schlaak, M. F., Roeber, B. J., Wewerka, S. S.,
Wiik, K. L., et al. (2010). Neurodevelopmental effects of early deprivation in
post-institutionalized children. Child Dev. 81, 224–236. doi: 10.1111/j.1467-
8624.2009.01391.x
Puentes-Rozo, P. J., Barceló-Martínez, E., and Pineda, D. A. (2008). Behavioural
and neuropsychological characteristics of children of both sexes, between 6 and
11 years of age, with attention deficit hyperactivity disorder. Rev. Neurol. 47,
175–184.
Rae, C. L., Hughes, L. E., Anderson, M. C., and Rowe, J. B. (2015). The prefrontal
cortex achieves inhibitory control by facilitating subcortical motor pathway
connectivity. J. Neurosci. 35, 786–794. doi: 10.1523/JNEUROSCI.3093-13.2015
Ranby, K. W., Boynton, M. H., Kollins, S. H., McClernon, F. J., Yang, C., and
Fuemmeler, B. F. (2012). Understanding the phenotypic structure of adult
retrospective ADHD symptoms during childhood in the United States. J. Clin.
Child Adolesc. Psychol. 41, 261–274. doi: 10.1080/15374416.2012.654465
Samuelson, K. W. (2011). Post-traumatic stress disorder and declarative memory
functioning: a review. Dialogues Clin. Neurosci. 13, 346–351.
Samuelson, K. W., Metzler, T. J., Rothlind, J., Choucroun, G., Neylan, T. C.,
Lenoci, M., et al. (2006). Neuropsychological functioning in posttraumatic
stress disorder and alcohol abuse. Neuropsychology 20, 716–726. doi:
10.1037/0894-4105.20.6.716
Sard, V. (2011). Developmental trauma, complex PTSD, and the current proposal
of DSM-5. Eur. J. Psychotraumatol. 2, 5622. doi: 10.3402/ejpt.v2i0.5622
Sartory, G., Cwik, J., Knuppertz, H., Schürholt, B., Lebens, M., Seitz, R. J.,
et al. (2013). In search of the trauma memory: a meta-analysis of functional
neuroimaging studies of symptom provocation in posttraumatic stress disorder
(PTSD). PLoS ONE 8:e58150. doi: 10.1371/journal.pone.0058150
Schoemaker, K., Bunte, T., Wiebe, S. A., Andrews, K., Dekovic´, M., and Matthys, W.
(2012). Executive function deficits in preschool children with ADHD and DBD.
J. Child Psychol. Psychiatry 53, 111–119. doi: 10.1111/j.1469-7610.2011.02468.x
Shen, H. I., Tsai, S. Y., and Duann, J. R. (2011). Inhibition control and
error processing in children with attention deficit/hyperactivity disorder:
an event-related potentials study. Int. J. Psychophysiol. 81, 1–11. doi:
10.1016/j.ijpsycho.2011.03.015
Sherin, J. E., and Nemeroff, C. B. (2011). Post-traumatic stress disorder: the
neurobiological impact of psychological trauma. Dialogues Clin. Neurosci. 13,
263–278.
Shin, L. M., Rauch, S. L., and Pitman, R. K. (2006). Amygdala, medial prefrontal
cortex, and hippocampal function in PTSD. Ann. N. Y. Acad. Sci. 1071, 67–79.
doi: 10.1196/annals.1364.007
Singhal, A., Shafer, A. T., Russell, M., Gibson, B., Wang, L., Vohra, S., et al.
(2012). Electrophysiological correlates of fearful and sad distraction on target
processing in adolescents with attention deficit-hyperactivity symptoms and
affective disorders. Front. Integr. Neurosci. 6:119. doi: 10.3389/fnint.2012.00119
Skelton, K., Ressler, K. J., Norrholm, S. D., Jovanovic, T., and Bradley-Davino,
B. (2012). PTSD and gene variants: new pathways and new thinking.
Neuropharmacology 62, 628–637. doi: 10.1016/j.neuropharm.2011.02.013
Snyder, H. R., Miyake, A., and Hankin, B. L. (2015). Advancing understanding
of executive function impairments and psychopathology: bridging the gap
between clinical and cognitive approaches. Front. Psychol. 6:328. doi:
10.3389/fpsyg.2015.00328
Sobanski, E., Banaschewski, T., Asherson, P., Buitelaar, J., Chen, W.,
Franke, B., et al. (2010). Emotional lability in children and adolescents
with attention deficit/hyperactivity disorder (ADHD): clinical correlates
and familial prevalence. J. Child Psychol. Psychiatry 51, 915–923. doi:
10.1111/j.1469-7610.2010.02217.x
Suvak, M. K., and Barrett, L. F. (2011). Considering PTSD from the perspective
of brain processes: a psychological construction approach. J. Trauma Stress 24,
3–24. doi: 10.1002/jts.20618
Swick, D., Honzel, N., Larsen, J., and Ashley, V. (2013). Increased response
variability as a marker of executive dysfunction in veterans with
post-traumatic stress disorder. Neuropsychologia 51, 3033–3040. doi:
10.1016/j.neuropsychologia.2013.10.008
Tamm, L., Narad, M. E., Antonini, T. N., O’Brien, K. M., Hawk, L. W., and Epstein,
J. N. (2012). Reaction time variability in ADHD: A Review. Neurotherapeutics
9, 500–508. doi: 10.1007/s13311-012-0138-5
Tarantino, V., Cutini, S., Mogentale, C., and Bisiacchi, P. S. (2013). Time-on-task
in children with ADHD: an ex-Gaussian analysis. J. Int. Neuropsychol. Soc. 19,
820–828. doi: 10.1017/S1355617713000623
Vasterling, J. J., Duke, L. M., Brailey, K., Constans, J. I., Allain, A. N., and
Sutker, P. B. (2002). Attention, learning, and memory performances and
intellectual resources in Vietnam veterans: PTSD and no disorder comparisons.
Neuropsychology 16, 5–14. doi: 10.1037/0894-4105.16.1.5
Volkow, N. D., Wang, G.-J., Newcorn, J. H., Kollins, S. H., Wigal, T. L.,
Telang, F., et al. (2011). Motivation deficit in ADHD is associated with
dysfunction of the dopamine reward pathway. Mol. Psychiatry 16, 1147–1154.
doi: 10.1038/mp.2010.97
Willcutt, E. G., Doyle, A. E., Nigg, J. T., Faraone, S. V., and Pennington,
B. F. (2005). Validity of the executive function theory of attention-
deficit/hyperactivity disorder: a meta-analytic review. Biol. Psychiatry 57, 1336–
1346. doi: 10.1016/j.biopsych.2005.02.006
Yamamoto, K., Shinba, T., and Yoshii, M. (2013). Psychiatric symptoms
of noradrenergic dysfunction: a pathophysiological view. Psychiatry Clin.
Neurosci. 68, 1–20. doi: 10.1111/pcn.12126
Yehuda, R., and LeDoux, L. (2007). Response variation following trauma: a
translational neuroscience approach to understanding PTSD. Neuron 56, 19–
32. doi: 10.1016/j.neuron.2007.09.006
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Martínez, Prada, Satler, Tavares and Tomaz. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 15 August 2016 | Volume 7 | Article 1230
